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CIRCUIT AND METHOD FOR AN IMPROVED FRONT END IN DUPLEX 
SIGNAL COMMUNICATION SYSTEMS 



CROSS-REFERENCE TO RELATED APPLICATION 

5 The present application claims the benefit of co-pending U.S. Provisional Patent 

Application, issued Serial Number: 60/206,034, and filed May 22, 2000, which is hereby 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

10 The present invention generally relates to high-speed data communications on a 

two-wire transmission line. More specifically, the invention relates to an improved front 
end, which solves problems associated with power efficiency, recovering receive signals 
from a duplex signal transmission, and impedance variances associated with two-wire 
transmission lines. 

15 

BACKGROUND OF THE INVENTION 

With the advancement of technology, and the need for instantaneous information, 
the ability to transfer digital information from one location to another, such as from a 
central office (CO) to a customer premise (CP) has become more and more important. 

20 In a digital subscriber line (DSL) communication system, and more particularly an 

xDSL system, where "x" indicates a plurality of various standards used in the data 
transfer, data is transmitted from a CO to a CP via a transmission line, such as a two-wire 
twisted pair, and is transmitted from the CP to the CO as well, either simultaneously or in 
different communication sessions. The same transmission line might be utilized for data 

25 transfer by both sites or the transmission to and from the CO might occur on two separate 
lines. 

A hybrid circuit is introduced at both the CO and the CP to separate the respective 
transmit signals from the CO and the CP from the receive signals at each end of the two- 
wire transmission line for the case where both the CO and the CP communicate with each 
30 at the same time over the two-wire transmission line. For example, a hybrid circuit at the 
CO serves as an electrical bridge that removes all but a small portion of the downstream 
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data transmission intended for the respective CP from a receive signal transmitted in the 
upstream direction by customer devices (via a CP hybrid) at the CP. 

Generally, in systems for transmitting data over twisted-pair loops, the hybrid 
circuit accomplishes this duplex filtering task with an appropriately configured electrical 

5 bridge. The electrical bridge or balance network is selected to match the two-wire twisted 
pair loop impedance. These two impedances, namely the twisted-pair loop impedance 
and the impedance of the balance network, should closely match in order for the hybrid to 
successfully prevent transmit signals from feeding into the receive signal path. Twisted- 
pair loop impedances are determined by wire type (i.e., gauge and material composition), 

10 loop length, and bridged taps. Bridged taps are sections of wire coupled to the twisted- 
pair two-wire loop not on the direct path between the CP and the CO. 

Prior art hybrids with fixed passive balance networks have been optimized for 
installation with typical twisted-pair loops. However, these fixed balance network 
hybrids suffer from the disadvantage that twisted-pair loop impedances often stray 

15 dramatically from "typical." Stated another way, fixed balance networks do not offer the 
flexibility required to match the impedance of the various twisted-pair loops encountered 
in the public switched telephone network (PSTN) and other various networks that 
communicate via a two-wire pair. Not only are fixed balance network hybrids 
disadvantageous when installed in association with a twisted-pair loop having one or 

20 more bridged taps, a different length or wire gauge, but changes in the loop impedance 
during operation result in less echo rejection of the local transmit signal from the receive 
path. 

It will be appreciated, from the aforementioned disadvantages that result from the 
inflexibility of a fixed balance network, that an adaptable balance network is desirable. 
25 An adaptive balance network is described in an article by Pecourt et ah, entitled, "An 
Integrated Adaptive Analog Balancing Hybrid," IEEE Solid State Circuits Conference, 
San Francisco, 1999. The adaptable balance network disclosed by Pecourt et ah discloses 
an implementation that adaptively adjusts the entire balance network of the hybrid. 
The Pecourt et ah solution of adaptively adjusting the entire balance network 
30 consumes significant computing resources. Furthermore, Pecourt's methodology fails to 
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take advantage of telephone industry standards that dictate the electrical properties of the 
line transformer and the tip and ring circuits. 

The Pecourt et al. solution makes several assumptions, which lead to a 
problematic circuit that does not perform as Pecourt indicated when applied in an ADSL 

5 system. ADSL service co-exists on a transmission line with POTS (or ISDN). As a 
result, the input to an ADSL modem or transceiver must have a frequency dependent 
filter (in this case a high-pass filter) so as to not disturb the POTS frequency band. 
(Frequently an external splitter is added that effectively performs the filtering.) The 
impedance of the high-pass filter or external splitter in combination with the transmission 

10 line is mandated by International Telecommunication Union (ITU) standards. The 
required frequency dependence means that the hybrid network must match not just the 
transmission line, but the transmission line as viewed through the isolation transformer 
and the high-pass (or external splitter). 

Furthermore, ADSL is usually operated in a frequency-division multiplex (FDM) 

15 mode, {i.e., ADSL separates up-stream and down-stream frequency bands). As a result, 
the up-stream and down-stream data rates are limited by noise rather than transmission 
echo (as is the case for symmetric DSL services, which use the same frequency band for 
up-stream and down-stream signal transmissions), hence the noise level of any adaptive 
hybrid is crucial. 

20 Pecourt et al. assumes that the line impedance can be matched with a 1 st order 

filter and that a 2 nd order filter can be used in the presence of a bridged tap. Furthermore, 
Pecourt et al. indicates that for the ADSL customer side, the frequency range of interest is 
limited to 150kHz. These two assumptions are incorrect: the high-pass filter impedance 
must be taken into account, and matching above 150kHz cannot be ignored. 

25 The isolation transformer and high-pass filter increase the order of the matching 

function, so that the matching function behaves as a 3 rd order function even in the absence 
of bridged taps. A bridged tap or other impedance effect on the transmission line 
increases the order of the matching function beyond a 3 rd order function. 
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The hybrid cannot "stop working" at 150kHz (the upper limit of the CP 
transmitter band for ADSL over POTS is 138kHz) because the transmitter will transmit 
noise and distortion throughout the receive band (138kHz to 1 104kHz for ADSL with 
POTS). This interference will corrupt the receive signal unless it is suppressed by the 

5 hybrid. (This fact is mentioned in the Pecourt article.) It is true that the AGC gain is set 
mainly by the echo, but if the frequencies outside of the echo are drowned in transmit 
signal related noise, remotely generated signal transmissions will be difficult to recover. 

The Pecourt et al article describes a system where the full hybrid is implemented 
on an integrated circuit or chip. This implementation requires prohibitively large 

10 capacitors in the circuit (CI and C2 in Pecourt's Fig. 14.8.4) to achieve good noise levels. 
Furthermore, when the requisite high-pass filter and isolation transformer are added, there 
are no degrees of freedom "left" for the bridged taps, etc. In fact, Pecourt's solution does 
not offer sufficient flexibility to match the combination of the isolation transformer and 
high-pass filter. Moreover, Pecourt's solution does not function above 150kHz, where 

15 the remotely generated or receive signal gets corrupted by the local transmit signal noise 
and distortion. 



SUMMARY OF THE INVENTION 

Accordingly, there is a need for an improved front end that uses a modified hybrid 
20 to reduce transmit signal reflections from entering a receive signal path. The modified 
hybrid enables a receiver to adaptively recover a remotely generated signal from a duplex 
signal transmission on a two-wire transmission line. 

In light of the foregoing, a circuit and method for an improved front end for 
optimally recovering a remotely generated signal (i.e., a receive signal) from a duplex 
25 signal transmission are provided. The improved front end contains a modified hybrid that 
uses both a fixed portion and an adaptive portion to form a balance network capable of 
more closely matching varying impedance characteristics associated with two-wire 
twisted pair loops. The modified hybrid, when applied in association with a tuning 
algorithm performed at system startup {e.g., prior to the presence of a remote 
30 transmission on the twisted pair), provides a power efficient full duplex solution for 
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minimizing transmit power requirements at remote transmitters. Furthermore, the 
modified hybrid provides a system and method for adjusting the front end of a transceiver 
during operation to compensate for environmental changes, which may vary over time. 

In a preferred embodiment, the modified hybrid comprises a balance network that 

5 is distributed across a fixed portion and an adaptive portion. The fixed portion of the 
modified hybrid may contain a network suited for matching the characteristics of the line 
transformer and a characteristic impedance of a local loop. The adaptive portion of the 
modified hybrid may contain a combination of a biquad resonator and a summer. 

A portion of the filtering (i.e., shaping) of the echo or local transmit signal is 

10 performed first by the fixed hybrid portion external to an application-specific integrated 
circuit (ASIC). The fixed hybrid portion will consist of fixed and passive circuit 
components. Then, a portion of the pre- filtered signal is filtered again in the adaptive 
portion of the modified hybrid. The final replica of the local transmit signal is not 
actually generated in the process. Rather, signal components are weighted and 

15 mathematically combined with the receive signal in a single operation at a hybrid 
amplifier. 

A method for configuring a local transceiver to minimize the transmit power 
required at a remote transmitter is disclosed. In its broadest terms, the method can be 
practiced by performing the following steps: applying a locally generated transmit signal 

20 to an improved front end in the absence of a remote signal, the front end containing a 
hybrid having a balance network further comprising a fixed portion and an adaptive 
portion; optimizing the transmit signal power; recording a reflected version of the 
optimized transmit signal in a receive path; adaptively applying the adaptive portion of 
the balance network when indicated by at least one characteristic associated with the 

25 reflected transmit signal; controllably adjusting the adaptive portion of the balance 

network to minimize the amplitude of the reflected version of the transmit signal in the 
receive path; and notifying a remote transceiver to initiate a self-directed transmit signal 
power optimization scheme. 

A method for recovering a remotely generated signal from a transmission line in a 

30 duplex communication system is also disclosed. In its broadest terms the method can be 
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practiced by performing the following steps: applying a locally generated transmit signal 
to an improved front end in the absence of a remote transmit signal, the front end 
containing a hybrid having a balance network further comprising a fixed portion and an 
adaptive portion; recording a reflected version of the optimized transmit signal in a 

5 receive path; controllably adjusting the adaptive portion of the balance network to 

minimize the amplitude of the reflected version of the locally generated transmit signal in 
the receive path; and combining a scaled replica of the locally generated transmit signal 
with a remotely generated duplex signal on a transmission line to recover a remotely 
generated receive signal from the transmission line. 

10 Other features and advantages of the present invention will become apparent to 

one skilled in the art upon examination of the following drawings and detailed 
description. It is intended that all such additional features and advantages be included 
herein within the scope of the present invention, as defined by the claims. 




15 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully understood from the detailed description 
given below and from the accompanying drawings of the preferred embodiment of the 
invention, which however, should not be taken to limit the invention to the specific 
embodiments enumerated, but are for explanation and for better understanding only. 
20 Furthermore, the drawings are not necessarily to scale, emphasis instead being placed 
upon clearly illustrating the principles of the invention. Finally, like reference numerals 
in the figures designate corresponding parts throughout the several drawings. 

FIG. 1 is a block diagram illustrating a xDSL communications system between a 
central office (CO) and a customer premise (CP). 
25 FIG. 2 is a functional block diagram illustrating a xDSL communication link 

between a line card and a xDSL modem in the xDSL communication system of FIG. 1. 

FIG. 3 is a circuit schematic of a conventional hybrid that may be used in the 
xDSL communication link of FIG. 2. 

FIG. 4 is a schematic of an improved front end that may be inserted between the 
30 DSP and a balanced hybrid. 
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FIG. 5 is a circuit schematic of an exemplary adaptive hybrid that may be used in 
the improved front end of FIG. 4. 

FIG. 6 is an alternative schematic of the adaptive hybrid of FIG. 4. 

FIG. 7 is a flowchart highlighting an improved method for configuring a local 
5 transceiver to minimize the transmit power required at a remote transmitter in a duplex 
communication that may be performed by the improved front end of FIG. 4. 

FIG. 8 is a flowchart highlighting an improved method of filtering a transmit 
signal from a duplex signal transmission that may be implemented by the improved front 
end of FIG. 4. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The detailed description presented herein focuses on elements from the 
perspective of a CP located printed circuit line card within a xDSL communication 
system. This explanation and description, however, are byway of example only. Those 
15 skilled in the art will appreciate that the concepts and teachings disclosed herein may be 
applied to various front ends as may be found in a plethora of various communication 
systems. 

Turning now to the drawings illustrating the present invention, wherein like 
reference numerals designate corresponding parts throughout the drawings, reference is 

20 directed to FIG. 1, which illustrates a xDSL communication system 1. Specifically, FIG. 
1 illustrates communication between a central office (CO) 10 and a customer premise 
(CP) 20 by way of twisted-pair telephone line 30. While the CP 20 may be a single 
dwelling residence, a small business, or other entity, it is generally characterized as 
having plain old telephone system (POTS) equipment, such as a telephone 22, a public 

25 switched telephone network (PSTN) modem 25, a facsimile machine 26, etc. The CP 20 
may also include an xDSL communication device, such as an xDSL modem 23 that may 
permit a computer 24 to communicate with one or more remote networks via the CO 10. 
When a xDSL service is provided, a POTS filter 21 might be interposed between POTS 
equipment (e.g., the telephone 22 and the facsimile machine 26) and the twisted-pair 

30 telephone line 30. As is known, the POTS filter 21 includes a low-pass filter having a 
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cut-off frequency of approximately 4 kilohertz to 10 kilohertz, in order to filter high 
frequency transmissions from the xDSL modem 23 and to protect the POTS equipment 
from the higher frequency xDSL equipment. 

At the CO 10, additional circuitry is typically provided. Generally, a line card 
5 (i.e., Line Card A) 18 containing line interface circuitry is provided to communicatively 
couple various xDSL service related signals along with PSTN voice signals on the 
twisted-pair telephone line 30. In fact, multiple line cards 14, 18 maybe provided to 
serve a plurality of copper telephone subscriber loops. In the same way, additional 
interface circuit cards are typically provided at the CO 10 to handle different types of 
10 services. For example, an integrated services digital network (ISDN) interface card 16, a 
digital loop carrier line card 17, and other circuit cards, for supporting various 
communication services, may be provided. 
j3 A digital switch 12 is also provided at the CO 10. The digital switch 12 is 

^ configured to communicate with each of the various line cards 14, 16, 17, and 18. At a 

fU 15 PSTN interface side of the CO (i.e., the side opposite the various line cards 14, 16, 17, 
m and 18 supporting the telephone system subscriber loops), a plurality of trunk cards 11, 

§y 13, and 15 are typically provided. For example, an analog trunk card 1 1, a digital trunk 

O card 13, and an optical trunk card 15 are illustrated in FIG. 1. Typically, these circuit 

ty cards have outgoing lines that support numerous multiplexed xDSL service signal 

™ 20 transmissions. 

N 8 The conventional xDSL communication system 1 illustrated and described with 

regard to the schematic diagram of FIG. 1, is further detailed with regard to FIG. 2. 
Reference is now directed to FIG. 2, which presents a functional block diagram 
illustrating various functional elements in a xDSL communications link 40 between the 
25 line card 18 (within the CO 10) and the xDSL modem 23 (located at the CP 20) 
introduced in FIG. 1. In this regard, the xDSL communications link 40 of FIG. 2 
illustrates data transmission from the CO 10 to the CP 20 via the transmission line 30. 
For example, the transmission line 30 may take the form of a twisted-pair telephone 
transmission line as may be provided by a POTS service provider to complete a 
30 designated link between the CO 10 and the CP 20. 
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As illustrated in FIG. 2, data transmissions may be directed from the CP 20 to the 
CO 10, from the CO 10 to the CP 20, or in both directions simultaneously. Furthermore, 
data transmissions can flow on the same twisted-pair telephone transmission line 30 in 
both directions, or alternatively on separate transmission lines (one shown for simplicity 

5 of illustration). Each of the separate transmission lines may be designated to carry data 
transfers in a particular direction either to or from the CP 20. 

The CO 10 may include a printed circuit line card 18 (see FIG. 1) that includes a 
CO-digital signal processor (DSP) 41, which receives digital information from one or 
more data sources (not shown) and sends the digital information to a CO-analog front end 

10 (AFE) 43. The CO-AFE 43 interposed between the twisted-pair telephone transmission 
line 30 and the CO-DSP 41 may convert digital data, from the CO-DSP 41, into a 
continuous time analog signal for transmission to the CP 20 via the one or more twisted- 
pair telephone transmission lines 30. 

One or more analog signal representations of digital data streams supplied by one 

15 or more data sources (not shown) may be converted in the CO-AFE 43 and further 

amplified and processed via a CO-line driver 45 before transmission by a CO-hybrid 47, 
in accordance with the amount of power required to drive an amplified analog signal 
through the twisted-pair telephone transmission line 30 to the CP 20. 

As also illustrated in FIG. 2, the xDSL modem 23 located at the CP 20 may 

20 comprise a CP-hybrid 42. The CP-hybrid 42 may be used to de-couple a received signal 
from the transmitted signal in accordance with the data modulation scheme implemented 
by the particular xDSL data transmission standard in use. A CP-AFE 46, also located at 
the CP 20, may be configured to receive the de-coupled received signal from the CP- 
hybrid 42. The CP-AFE 46 may be configured to convert the received analog signal into 

25 a digital signal, which may then be transmitted to a CP-DSP 48 located at the CP 20. 
Finally, the digital information may be further transmitted to one or more specified data 
sources such as the computer 24 (see FIG. 1). 

In the opposite data transmission direction, one or more digital data streams 
supplied by one or more devices in communication with the CP-DSP 48 at the CP 20 may 

30 be converted by the CP-AFE 46 and further amplified via a CP-line driver 44. As will be 
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appreciated by those skilled in the art, the CP-line driver 44 may amplify and forward the 
transmit signal with the power required to drive an amplified analog signal through the 
twisted-pair telephone transmission line 30 to the CO 10. 

It is significant to note that the CP -hybrid 42 is used to regenerate the transmit 

5 signal so it may be subtracted from the receive signal when the DSL communication 
system 1 is receiving at the CP 20. As a result, the CP-hybrid 42 does not affect the 
transmitted signal in any way. The CO-AFE 43 may receive the data from the CO-hybrid 
47, located at the CO 10, which may de-couple the signal received from the CP 20 from 
the signal transmitted by the CO 10. The CO-AFE 43 may then convert the received 

10 analog signal into one or more digital signals, which may then be forwarded to the CO- 
DSP 41 located at the CO 10. Finally, the digital information may be further distributed 
to one or more specified data sources (not shown) by the CO-DSP 41. 

The xDSL communications link 40 between the line card 18 and the xDSL 
modem 23, having been briefly described with regard to the functional block diagram of 

15 FIG. 2, reference is now directed to FIG. 3. In this regard, FIG. 3 is a circuit schematic 
illustrating a conventional hybrid 42 in association with an isolation transformer 59 
coupled to a twisted-pair telephone transmission line 30. As illustrated in FIG. 3, a 
transmit signal, TX, may be provided from the CP-line driver 44 (FIG. 2) and applied 
across a back-matching resistor 57, herein labeled, "i?&." As is further illustrated in FIG. 

20 3, impedance and voltage scaling may be performed by coupling the transmit signal, TX\ 
to a two-wire transmission line 30, herein labeled, "TIP" and "RING" via a transformer 
59. 

As also illustrated in FIG. 3, the transmit signal, TX 9 may be applied to a scaled 
voltage divider consisting of a first filter 53, labeled, "Z&" and a fixed hybrid 60. As 
25 further illustrated in FIG. 3, the fixed hybrid 60 may comprise a second filter 55, labeled, 
"Z m " The first filter 53 may be configured such that it emulates a scaled version of the 
back-matching resistor 57. For example, if the back-matching resistor is implemented 
with a resistor having a resistance of ^fOhms, the first filter 53, Z$, may be implemented 
such that its equivalent impedance is nXOhms. Similarly, the second filter 55, Z OT , within 
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the fixed hybrid 60, may be configured such that it emulates the sum of the line and load 
impedances, multiplied by the same scale factor, n. 

In a manner well known in the art, the transmit signal, TX\ may be echoed across 
the second filter 55 and may be subtracted from a duplex signal, V duplex^ comprising the 

5 combined receive and transmit signals, RX' and TX\ respectively, appearing at the 

primary of the transformer 59 by a hybrid amplifier 61. As also illustrated in FIG. 3, the 
output of the hybrid amplifier 61, contains a representation, RX' \ of the received signal, 
RX, from a remotely located transmitter after the transmit signal, TX\ has been filtered or 
removed by the matched voltage divider formed by the first and second filters 53, 55, 

1 0 respectively and the hybrid amplifier 61. 

In systems designated for data transmission over metallic transmission lines 30, 
the line driver amplifier 44 is the power amplifier which delivers the necessary energy to 
transmit a signal through the transmission line 30 through the back-matching resistor 57. 
The back-matching resistor 57 serves two purposes. First, the back-matching resistor 57 

15 serves to match the impedance at the end of the transmission line 30. In order to provide 
a sufficient return loss, a resistor approximately equal to the transmission line's 30 
characteristic impedance must terminate the line. Second, the back-matching resistor 57 
permits the conventional hybrid 42 to simultaneously receive signals generated from a 
remote transmitter coupled to the transmission line 30 at the same time the line driver 44 

20 is transmitting. The line driver 44 cannot terminate the transmission line 30 alone 
because the line driver 44 presents a low load impedance to the remotely transmitted 
signal, RX. As a result, using a line driver 44 alone would be the equivalent of shunting 
the remote signal to ground, thus making the receive signal, RX, unrecoverable. The 
remotely transmitted signal, RX, is recovered by subtracting from the voltage on the 

25 transmission line 30 (i.e., the duplex signal) the voltage introduced on the transmission , 
line 30 by the local transmitter, TX\ As shown, the hybrid amplifier 61 performs the task 
of separating and recovering the remotely transmitted signal (i.e., the received signal, RX) 
from the transmission line 30. 

For simplicity of illustration and description the conventional hybrid circuit of 

30 FIG. 3 is depicted in a single-ended configuration. Those skilled in the art will appreciate 
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that in practice a differential and balanced version of the conventional hybrid 42 may be 
implemented. The conventional hybrid 42 functions properly if the line driver 44 has a 
very low output impedance. From a data transmission viewpoint, the output of the line 
driver 44 is an amplified version (i.e., TX r ) of the transmit signal, TX. This amplified 
5 version of the transmit signal, TX\ is applied across a voltage divider comprising the 
back-matching resistor 57 and the primary winding of the transformer 59. As a result, a 
voltage corresponding to the amplified transmit signal, TX'\ is present on the primary of 
the transformer 59. 



10 arrive at the secondary winding of the transformer 59. As is known, a corresponding 
receive signal voltage, RX\ is created via inductance on the primary winding of the 
transformer 59 and results in a current flowing into the back-matching resistor 57. Since 
the line driver 44 has a low output impedance, no component of the receive signal, RX\ is 
present at the output of the line driver 44, which leaves only the amplified transmit signal, 

15 TX, at the output of the line driver 45. Since the xDSL communication system 1 operates 
in a substantially linear fashion, superposition applies and the voltage across the primary 
winding of the transformer 59, Vouplex consists of both the receive, RX\ and the transmit 
signals, TX\ 



20 back-matching resistor 57 and the primary winding of the transformer 59, then the voltage 
at the circuit junction between the first and second filters 53, 55 is equivalent to the 
voltage that would be applied across the transformer primary in the absence of a far end 
generated receive signal, TX\ As a result, the receive signal, RX 9 can be recovered by 
simply taking the difference between the voltage at the primary winding of the 

25 transformer 59 and the voltage at the junction between the first and second filters 53, 55. 
Hence, it is possible to simultaneously transmit and receive. 

The conventional hybrid 42 circuit illustrated in FIG. 3 has the additional 
characteristic that signal components introduced by the line driver 44 are removed by the 
conventional hybrid 42. In particular, transmit signal components due to imperfections in 

30 the line driver 44, such as noise and distortion, are removed by the conventional hybrid 



From a data receive viewpoint, a receive signal, RX, originating at the CO 10 may 



If the first and second filters 53, 55 replicate the voltage divider formed by the 
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42 and do not get forwarded to the CP-AFE 46 (FIG. 2) with the remotely generated 
receive signal. This functional aspect of the conventional hybrid 42 is important because 
high power amplifiers that are used in line drivers are typically responsible for 
introducing a significant amount of noise and distortion at power levels required for 
xDSL data transmissions. 

The following figures and detailed description describe exemplary architectures 
and implementations of a combined fixed off-chip portion of a balance network and a 
programmable adaptive on-chip portion of a balance network that may be selectively 
applied to the output of the fixed portion of the balance network in an improved front 
end. Depending on the xDSL application and the twisted-pair loop encountered, the 
complexity of the fixed and the adaptive portions of the balance network may vary. The 
adaptation may be directed by a digital signal processor (DSP), which may be 
programmed to optimize the combined hybrid of the improved front end by using an error 
criterion generated within the hybrid network. The adaptation may operate during startup, 
prior to the introduction of the far end receive signal, as well as, during duplex operation. 
Accordingly, the same algorithms may be used to compensate for environmental changes 
during operation. 

In a preferred embodiment, the improved front end comprises a two part balance 
network, with a fixed portion enabled via passive non-integrated circuit components and 
a programmable adaptive portion of the balance network implemented on an integrated 
circuit via integrated circuit components. The isolation transformer and high-pass filter 
complicate the impedance to be matched at "low" frequencies, usually below 100kHz 
(e.g., ADSL with POTS). That portion of the matching impedance is only very weakly 
affected by line impedance variations. As a result, a fixed (external) hybrid can address 
or match the non-variable portion of the effective line impedance. The variable part of 
the impedance, due mainly to transmission line variations, occurs at higher frequencies, 
about 80kHz. The order of the adaptive portion of the balance network may be selected 
in response to various application and performance issues, such as, but not limited to, 
power consumption, signal to noise ratio, integrated circuit area available, noise floor 
requirements, etc. 
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The variable part of the matching function, due mainly to line impedance 
variations, is the portion of the matching function which we seek to implement with the 
variable hybrid portion of the balance network. The variable hybrid therefore comes into 
play at higher frequencies. 

5 The noise of the hybrid (any hybrid) itself corrupts the receive signal. It is much 

easier to make an adaptive circuit (on-chip) which has a satisfactory noise level (around 
30nV/root Hz, referred to the ADSL line) when the frequency range is higher rather 
lower. At the same time, it is easy to make a fixed hybrid (off-chip) to have low-noise 
even at low frequencies. (Basically, because on-chip capacitance is limited to a few 

10 nanoFarads, whereas off-chip capacitors can be large. But the off-chip capacitors are 
fixed, where as the on-chip or integrated capacitors can be easily implemented as 
switchable arrays. Furthermore, inductors for the xDSL frequency range are virtually 
impossible on-chip, but readily available as discrete components, should the external 
fixed hybrid require them.) 

15 Accordingly, the fixed- variable / external-internal grouping is optimal in several 

senses. That portion which is easy to make variable is made variable (on-chip), that 
portion, which does not need to be variable is realized in an easy way externally. 

The fixed-variable / external-internal aspects of a modified hybrid having been 
generally explained above, reference is now directed to FIG. 4. For simplicity of 

20 illustration and description, an improved duplex communication system shown in FIG. 4 
is depicted in a single-ended configuration. Those skilled in the art will appreciate that in 
practice, a differential and balanced version of the improved duplex communication 
system of FIG. 4 may be implemented. In regard to the single-ended implementation 
illustrated in FIG. 4, an improved duplex communication system generally denoted by 

25 reference number 100 may consist of integrated circuit components and non-integrated 
discrete circuit components. As shown, a CP-DSP 48 and an improved front end 1 10 
may be implemented on integrated circuits. Conversely, the isolation transformer 59, a 
back-matching resistor 57, labeled, "R^ 9 a first filter 53, labeled, "Z&," and a fixed hybrid 
60, labeled, "Z TO " may be implemented via off-chip {i.e., non-integrated circuit 

30 components. As previously illustrated and explained with regard to the circuit diagram of 
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FIG. 3, the fixed hybrid 60 may comprise a second filter 55, labeled, "Z m ." The fixed 
hybrid 60 may comprise the fixed portion of the balance network described above. 

It should be appreciated that the various non-integrated circuit elements will 
function as introduced in the circuit illustrated and described in FIG. 3. In this regard, the 

5 first filter 53 may be configured such that it emulates a scaled version of the back- 
matching resistor 57. As explained with regard to FIG. 3, if the back-matching resistor, 
"Rfa" is implemented with a resistor having a resistance of X Ohms, the first filter 53, Z^, 
may be implemented such that its equivalent impedance is TL^Ohms. Similarly, the 
second filter 55, Z m , within the fixed hybrid 60, may be configured such that it emulates 

10 the sum of the line and load impedances, multiplied by the same scale factor, w. 

It will also be appreciated that the fixed portion of the balance network, labeled, 
"fixed hybrid" 60, in the circuit diagram of FIG. 4 may be implemented via discrete 
circuit elements selected to have an impedance that matches a characteristic impedance of 
the two-wire transmission line 30 together with the transformer 59. As previously 

15 described, the characteristic impedance of the combination of the transformer 59 and the 
two-wire transmission line 30 is fixed by telephone system standards. Inserting the fixed 
portion of the modified hybrid as illustrated in the circuit diagram of FIG. 4, reduces both 
the integrated circuit real estate and DSP complexity required in a totally adaptive hybrid 
circuit. 

20 As illustrated in FIG. 4, the improved front end 110 may be defined by a local 

transmit path comprising a digital to analog converter 120, a filter gain buffer 130, and a 
line driver amplifier 140. As further illustrated in FIG. 4, a local transmit signal may be 
supplied by the CP-DSP 48 at an integrated circuit interface pin labeled, "Ad " The 
improved front end 110 may receive the local transmit signal at an integrated circuit 

25 interface pin labeled, "Af " As shown in FIG. 4, the improved front end 1 10 is 
configured to receive a digital representation of the desired local transmit signal at 
interface pin "A F " The digital transmit signal may be converted to an analog signal by 
the digital to analog converter 120. This analog version of the transmit signal may be 
filtered and amplified in the filter gain buffer 130 and the line driver amplifier 140. 
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A local receive signal is generated as explained above. The duplex signal 
provided at the primary winding of the transformer 59 may be combined with the signal 
provided by a voltage divider formed by the fixed hybrid 60 (i.e., the fixed portion of the 
balance network) and the first filter 53, to recover the remotely generated receive 

5 signal. The receive signal may then be further processed in a receive path in the 

improved front end 110 formed by a receive amplifier 61, a filter gain buffer 130a, and an 
analog to digital converter 160. As illustrated in the circuit diagram of FIG. 4, the 
improved front end 110 may be configured to selectively apply an adaptive portion of the 
modified balance network in the form of an adaptive hybrid 150. 

10 It can be shown that the signal provided at the primary winding of the transformer 

59 can be represented by the following equation. 

0 W ) = %l U w )+ {&b + %l 0 W )) 9 where Z L is the load impedance. Eq. 1 
It can be further shown that the signal at the voltage divider formed by the fixed hybrid 
60, Z m , and the first filter 53, can be represented as: 

1 5 VZ m (jw) = Z m (jw) + {Z B +Z m (jw)) . Eq. 2 

For those cases where the adaptive filter 150 is selectively applied, the signal effectively 
removed by the receive amplifier 61 may be represented as: 
VZ m '(jw) = Ha(jw)+ VZ m (jw) or 

VZ m '(jw) = Ha(jw)* VZ L (jw)+(R B + Z L (jw)) . Eq. 3 

20 It will be appreciated that perfect local transmit signal echo rejection can be achieved if 
RX = VZ L (jw) - VZ m y (jw) = 0 holds for a negligible signal received from a 
remote transceiver. 

For those situations where the adaptive hybrid 150 is applied, additional filtering 
and amplification may be provided within a receive path formed by a receive amplifier 
25 61, a filter gain buffer 130b, and an analog to digital converter 160. The digital 

representation of the recovered receive signal, RX, may be provided to the CP-DSP 48 via 
an integrated circuit interface formed by integrated circuit pins labeled, and "/?/>." 

As further illustrated, the CP-DSP 48 may close a control loop back to the 
adaptive portion of the balance network (i.e., the adaptive hybrid 150) via a control 
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interface formed by integrated circuit pins labeled, "Cd" and "Gf" Preferably, the CP- 
DSP 48 provides filter coefficients according to a minimization criterion. Depending 
upon the particular xDSL application and the twisted-pair transmission line 30 
encountered, transfer function poles, zeros, or poles and zeros of the transfer function 

5 may be modified. In practice, a pole or zero modification can be realized by a change in 
the various resistor, capacitor, or transconductance values of the elements selected to 
implement the adaptive hybrid 150. It should be appreciated that a digital memory device 
may provide these element values to the CP-DSP 48. 

FIG. 5 illustrates an exemplary second order adaptive filter that may be used to 

10 implement the adaptive hybrid 150 in the circuit of FIG. 4. It should be appreciated that 
the adaptive hybrid 150 represents that portion of the balance network that may be 
adjusted in response to environmental changes on the twisted-pair transmission line 30, as 
well as, in applications where one or more bridged taps are present on the transmission 
line. In this regard the adaptive hybrid 150 may comprise a first amplifier 170 and a 

15 second amplifier 172. As illustrated in the circuit diagram of FIG. 5, each of the 
amplifiers 170 and 172 may be associated with a plurality of adjustable components. 
Here, the adjustable components take the form of resistors and capacitors. 

As illustrated in FIG. 5, an input voltage, Vw comprising the signal provided by 
the voltage divider formed by the fixed hybrid 60, Z m , and the first filter 53, Z$, may be 

20 supplied to a parallel combination of a resistor 153, labeled, Ru, and a capacitor 154, 

labeled, C/y. The opposite junction of the parallel combination formed by the resistor 153 
and the capacitor 154 may be coupled to a second parallel combination formed by a 
resistor 151, labeled, i?y, and a capacitor 152, labeled, Cy, as well as, the negative input to 
the first amplifier 170. The opposite junction of the parallel configuration formed by the 

25 resistor 151 and the capacitor 152 may be coupled to the output of the first amplifier 170, 
as well as, an output of the adaptive hybrid, labeled, Vow- 

The output of the adaptive hybrid, V 0UT , may also be coupled to a resistor 159, 
labeled, i?2y, in series with the negative input of the second amplifier 172. The negative 
input of the second amplifier 172 may be further coupled to a parallel combination of a 

30 resistor 157, labeled, i?2, and a capacitor 156, labeled, C2. The opposite junction of the 



17 



Docket No.: 60705-1610 



parallel configuration formed by the resistor 157 and the capacitor 156 may be coupled to 
the output of the second amplifier 172, as well as, a resistor 155, labeled, Rn, in series 
with the negative input of the first amplifier 170. As further shown in the circuit 
schematic of FIG. 5, the positive inputs of the first and second amplifiers 170, 172 may 
be coupled to signal ground. 

It can be shown that the second order filter provided in the circuit schematic 
illustrated in FIG. 5 can be modeled by a transfer function T(s) as in the equation below; 

r Ac 2 *C u *R 2 *R n )+s*(^ +r mR mR ^s 2 




Rj i Co i?9 + C\ R\ t 

Zl + S* — — + S 



C x *C 2 *R X *7? 2 C x *C 2 *i? 2 
Furthermore, it can be shown that the second order transfer function, T(s), is equivalent 
10 to: 

Iff)- , -. E,.5 

where, cop denotes a pole frequency, cop denotes a pole quality factor, and coz denotes a 
zero frequency, qz denotes a zero quality factor, and s is the complex frequency jw. A 
direct correspondence between the magnitude of the various resistance and capacitance 
15 values selected for the circuit elements in Equation 4 above to the poles and zeros of the 
simplified transfer function of Equation 5, indicates that manipulating the magnitudes of 
the various resistors and capacitors in the circuit illustrated in FIG. 5 will result in a 
corresponding manipulation of the poles and zeros of the transfer function in the complex 
plane. 

20 It should be appreciated that various other devices may be used to selectively 

modify the transfer function of the adaptive hybrid 150. For example, integrated circuit 
elements with known transconductance values may be used in an alternative 
implementation. By way of further example, gyrator simulations of circuit element 
inductances may be implemented on a DSP to emulate various portions of the filter as 

25 will be appreciated by those skilled in the art. 
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Reference is now directed to FIG. 6, which illustrates an alternative circuit that 
may be used to implement the adaptive hybrid 150 in the circuit of FIG. 4. It should be 
appreciated that the adaptive hybrid 150, as in the circuit diagram of FIG. 5, represents 
that portion of the balance network that may be adjusted in response to environmental 

5 changes on the twisted-pair transmission line 30, as well as, in applications where one or 
more bridged taps are present on the transmission line. In this regard, the adaptive hybrid 
150 may be implemented on an application-specific integrated circuit (ASIC) and may 
comprise a biquad 210 and a summer 230. Although the adaptive hybrid 150 is shown in 
a single-ended configuration, preferably the biquad 210 and the summer 230 are 

10 implemented in a differential, fully balanced version of the circuit illustrated in FIG. 6. 

As illustrated in the circuit diagram of FIG. 6, the adaptive hybrid 150 maybe 
described as a two-input single-output device. In this regard, the adaptive hybrid 150 
receives a first input Vm, which represents the filtered output of the external or fixed 
portion of the hybrid (z.e., the fixed hybrid 60 in FIG. 4) and a second input Vrx, which 

15 represents a scaled version of the duplex signal containing both the transmit signal and 
the desired remotely generated receive signal. In response, the adaptive hybrid 150 
generates Vout, a replica of the desired receive signal. 

The biquad 210 is a well-known circuit that was first used with analog computers. 
The biquad 210 consists of two integrators, formed by inverting operational amplifiers 

20 with capacitive feedback. In this regard, the first integrator is formed by the circuit 
defined by Amp 170, capacitor 212, Cy, and resistor 211, Rj. The second integrator is 
formed by the circuit defined by Amp 172, capacitor 216, C2, and resistor 215, Rj. As 
illustrated in the circuit diagram of FIG. 6, the first and second integrators may be 
coupled via a resistor 217. As also illustrated in FIG. 6, the first and second integrators 

25 are enclosed in a feedback loop. In order to make the feedback loop negative, an odd 
number of inversions is present in the loop. Preferably, a generic inverting buffer 219 is 
inserted in the feedback loop between the output of the second integrator and the input of 
the first integrator. As shown a resistor 218 may also be inserted in the feedback loop. 
Note that if the adaptive hybrid 150 were implemented in a single-ended circuit 

30 configuration, a third operational amplifier would be required to accomplish the 
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inversion. However, since the circuits forming the adaptive hybrid 150 are implemented 
in a balanced differential configuration, the signal inversion can be accomplished without 
adding an operational amplifier by swapping the polarities of the differential outputs of 
the second integrator at an appropriate point. As a result, only two amplifiers are needed 
5 inthebiquad210. 

As further illustrated in the circuit of FIG. 6, the biquad 210 has two outputs, Vbp, 
a band pass output voltage and Vlp, a low pass output voltage. A routine analysis of the 
biquad 210 reveals that the two output voltages may be represented by the following 
functions. 

10 -JL( S )=--±^L f Eq . 6 

and 

< , Eq.7 



p 



with o) = —j=L= Eq. 8 



tJr 2 r 3 c x c 2 



15 The two biquad outputs, Vbp 9 and Vu> 9 may be applied to the summer 230 as 

shown in the alternative implementation of the adaptive hybrid 150. Preferably, the 
transfer function of the adaptive hybrid 150 is neither a band pass nor low pass, but rather 
a notch emphasizing or all pass function. As shown, the summer 230 consists of a first 
resistor 231, R 7, a second resistor 233, R rx , a feedback resistor 235, Rfb, as well as, a first 

20 impedance 232 (Ry) and a second impedance 234 (R$), and an amplifier 240. The various 
components arranged in the summer 230 as shown, serve to combine the output of the 
fixed hybrid 60 (i.e., Vm)> and the biquad outputs, V B p and Vlp in a suitable relative 
strength and phase. As a result, the output of the fixed hybrid 60 is filtered through a 
biquadratic function. 
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Since the adaptive hybrid 150 is actually implemented as a differential circuit, the 
first and second impedances 232 and 234, respectively, can be implemented by means of 
a polarity inversion (i.e., a polarity cross). As a result, the first and second impedances 
232, 234 can be either regular resistive elements, or, in effect, negative resistors in a 
single-ended circuit representation. Hence, the resistive elements are shown and 
described with regard to the circuit of FIG. 6 as impedances. The feedback resistor 235, 
Rfb-> scales the output signal, Vow, without affecting the frequency dependence of the 
output, i.e., it serves as a simple gain regulator. The behavior of the adaptive hybrid 150 
can be described by the following transfer function: 



2 °>P 

s +s — 



1 ~— 1 + — — 

R. R> 



10 XwL = ?A R * R *J V . Eq . 10 

VjN Rl s 2 +^s + o>l 

1p 

Those skilled in the art will appreciate that equation 10 is a general second order transfer 
function. Since R5 and Re, the first and second impedances 232, 234 can be effectively 
negative, the adaptive hybrid 150 can be adjusted to realize any arbitrary second order 
function. It should be further appreciated that the adjustments may be realized by 

15 replacing each of the resistive and capacitive circuit elements illustrated in the circuit of 
FIG. 6, with a switched array of sub-components to vary the effective resistance, 
capacitance, and/or impedance (as in the case of R$ and R<$) between the operational 
amplifiers 170, 172 and the various inputs and outputs of the adaptive hybrid 150. 

For example, the capacitors Cj 212 and Q 216 may be implemented by a bank of 

20 integrated elements each having a unit capacitance. For integrated circuit area efficiency, 
the unit capacitances may vary across a wide range of realizable capacitances. Those 
skilled in the art will appreciate the various series and parallel combinations of the 
various unit capacitances may be accessed by way of switches to vary the effective 
capacitance seen between terminals of the adaptive hybrid 150. Similarly, the resistors 

25 211, 213, 215, 217, 218, 231, 233, and 235 may be implemented by a bank of integrated 
circuit elements having a unit resistance. As in the case of the capacitors, those skilled in 
the art will appreciate the various circuit combinations that may be controllably accessed 
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by way of a plurality of suitably located switches to permit external control of the 
adaptive hybrid 150. The impedances 232 and 234 (R 5 and Re) may be implemented as 
with the resistors 211, 213, 215, 217, 218, 231, 233, and 235 by a bank of integrated 
circuit elements having a unit resistance. In the case of the impedances 232 and 234, 

5 additional switches and control inputs may be supplied to "cross" and/or "uncross" the 
differential signal conductors. 

The biquad 210 of FIG. 6 can produce a single transfer function characterized by a 
frequency notch or peak. Even though transmission line irregularities in the form of 
bridged taps often produce a plurality of notches in the received spectrum, there is 

10 typically one dominant notch or range of frequencies where the phase of the echo signal 
reverses or nearly reverses. If this dominant notch is not corrected, often the hybrid will 
completely fail to suppress the transmit signal echo. In some situations, i.e., a phase 
inversion, the hybrid may end up amplifying rather than suppressing the transmit signal. 
The remaining notches created by bridged taps are typically too "shallow" to affect the 

15 hybrid and may be ignored. Compensating for the dominant notch substantially reduces 
the total transmit echo power observed in the receive path, thereby permitting a higher 
receive amplifier gain along with its associated benefits. 

Consider now that the function of a standard hybrid amplifier 61 is to subtract the 
replicated echo signal from the duplex signal containing both the receive signal and the 

20 transmit signal. In other words, Vout, would be subtracted from the duplex signal. Here, 
that subtraction can be performed without the addition of another amplifier by taking 
advantage of the summer 230 provided in the adaptive hybrid 150. Rather than supply 
Vout to the hybrid amplifier 61, the hybrid amplifier 61 can be used as the summing 
amplifier 240, which adds the duplex signal, F^, the signal from the external hybrid, V IN , 

25 and the two outputs from the biquad 210 (i.e., V B p and V LP ). The duplex signal can 
simply be added as another input to the summing amplifier 240 as illustrated by the 
dashed line in the circuit if FIG. 6. Viewed in another way, rather than filtering the 
output of the external (fixed) hybrid 60 first and then supplying the output to the hybrid 
amplifier, the biquad 210 can be used to generate additional signal components (i.e., Vbp 
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and Vip), and supply those additional components to the summing amplifier 240, which 
can serve as the hybrid amplifier 61. 

The circuit arrangement illustrated in FIG. 6 has an important advantage when 
compared to other conceivable implementations. Note that the full extent of the signal 

5 provided by the fixed portion of the hybrid is not processed through an active filter (i.e., 
the biquad 210). The majority, or at least a significant portion of the signal enters the 
hybrid amplifier 61 (a.k.a., the replacement summing amplifier 240) through R 7 (i.e., 
resistor 23 1) alone. The fact that only a small portion of the signal being summed by the 
hybrid amplifier 61 is taken from the biquad 210 means that the biquad 210 does not have 

10 to exhibit the noise and distortion performance required for outright pre-hybrid 

processing. This fact makes an ASIC adaptive hybrid 150 feasible with acceptable power 
dissipation and total capacitance. 

The final replica echo signal (i.e., total output of the hybrid network consisting of 
the fixed hybrid 60 and the adaptive hybrid 150) is never actually created, rather its signal 

15 components (i.e., the signals supplied through R 7j R5 and R 6 ) are weighted and subtracted 
from the receive signal in a single operation at the summer amplifier 240 (functionally the 
receive / hybrid amplifier 61). The output of the (total) hybrid never exists as a separate 
signal. Summing the "echo" components separately would be a problematic operation 
due to the required linearity and noise levels of such a summer. When the echo 

20 components are directly summed (subtracted) with the duplex signal, the result 
is a relatively small signal (i.e., the receive signal alone), so the performance 
requirements on the summer amplifier 240 are much more relaxed. 

In the circuit arrangement of FIG. 6, the only amplifier components through which 
the "entire" echo signal passes at some point are the biquad amplifiers 170, 172. Because 

25 they are mere voltage followers, it is possible to implement them with the required noise 
and linearity. Strictly speaking, they are not actually required if the external (fixed hybrid 
60) part of the hybrid can operate when loaded by R 4 and R 7 . 

It should be appreciated by those skilled in the art that conceivably, there could be 
additional biquad "resonators", connected in the same way (i.e., with more impedances or 
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resistors similar to R5 and coupled to the summing amplifier 240 to better compensate 
for multiple bridged taps or other line impedance effects. 

An alternative embodiment of the adaptive hybrid 150, having been described, 
reference is now directed to FIG. 7, which presents a flowchart highlighting a method for 

5 configuring a local transceiver to minimize the transmit power required at a remote 

transmitter. In this regard, method for configuring a local transceiver 400 may begin with 
step 402, labeled, "Start." The method for configuring a local transceiver 400 may be 
configured to first reset the local transceiver system as indicated in step 404. The 
transceiver reset may set the transceiver to a predetermined initialization or default state. 

10 For example, the adaptive portion of the balance network comprising the modified hybrid 
(i.e. 9 the adaptive hybrid 150) may be bypassed by opening a switch. It will be 
appreciated that the default state may be defined as an optimum configuration responsive 
to the particular xDSL application and/or previously determined characteristics of the 
transmission line 30 and the transformer 59. It will be further appreciated that present 

15 line impedance characteristics can be corrected by enabling the line driver of the local 
transceiver (physically, or in computation), transmitting over the entire band over which 
the improved hybrid 150 is to operate well, and adjusting the adaptive components so as 
to minimize the energy of the echo. In addition, the adaptive components may be varied 
so as to ensure that the echo spectrum is reasonably flat with no excessive peaks through 

20 the band where the hybrid is designated to operate. The adjustment may take the form of 
a generic gradient descent algorithm or other similar search algorithm to identify the 
optimum configuration of the variable components. 

In this particular example, the local transmitter is disabled as part of the 
transceiver initialization. It should be appreciated that it is not necessary to remove the 

25 local transmitter to configure the local transceiver to minimize transmit power 
requirements at the remote transmitter. 

Next, as indicated in step 406, the method for configuring a local transceiver 400 
may perform a check to determine if the remote transmitter is active. If a remotely 
generated signal is present as shown in the flowchart of FIG. 7, the method for 

30 configuring a local transceiver 400 is configured to disable the remote transmitter as 
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shown in step 408. Once it is confirmed that the remote transmitter is disabled, 
processing may continue with step 410, where the local transceiver receives a signal 
designated for transmission to the remote transceiver. 

In accordance with a predetermined process, the method for configuring a local 

5 transceiver 400 may be configured to set the transmit signal power level as shown in step 
412. It will be appreciated that other transmit signal characteristics may be selectively 
modified in accordance with the desired xDSL transmission signal standards. After 
configuring the transmit signal, the method for configuring a local transceiver 400 may be 
configured to apply the transmit signal to the transmission line 30 (FIG. 4) as illustrated 

10 in step 414. The application of the transmit signal to the transmission line 30 may be 
performed via the voltage dividers and the fixed portion of the modified balance network 
as previously explained. 

Next, the method for configuring a local transceiver 400 may record various 
parameters of the local transmit signal echo present in the receive channel as indicated in 

15 step 416. If it is determined by the query in step 418 that an undesirable transmit signal 
echo is present in the receive path, the method for configuring a local transceiver 400 may 
be configured to apply the adaptive portion of the balance network as shown in step 420. 
With both the fixed and the adaptive portions of the balance network coupled in the 
receive path of the improved front end 100 (FIG. 4), various elements within the adaptive 

20 hybrid 150 may be adjusted and the resulting transmit signal echo in the receive path 

monitored to minimize the transmit signal echo present in the receive path as indicated in 
step 422. 

It should be appreciated that the minimization process of step 422 may entail a 
brute force algorithm that selectively adjusts each of the variable devices of the adaptive 

25 hybrid 150, records the combination applied, and associates various characteristics of the 
transmit signal echo with the configuration. Each of the available configurations may be 
applied and the transmit signal echo monitored, in order to identify the combination that 
results in an optimal solution. In alternative embodiments, the minimization process of 
step 422 may be implemented using well-known algorithms, such as but not limited to, a 

30 steepest descent algorithm or a recursive least squares (RLS) algorithm. Once a solution 
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has been selected and applied to the adaptive hybrid 150, the method for configuring a 
local transceiver 400 may proceed to send a signal that may initiate the remote transceiver 
to enable the remote transmitter as indicated in step 424. As previously described with 
regard to the improved front end of FIG. 4, the combination of the local and remote 

5 transmit signals may simultaneously exist on the transmission line 30. As indicated in 
step 426, a combination of the local transmit signal with the duplex signal can be used to 
recover the remote signal transmission. 

When the local transceiver is functioning in an operational mode, the method for 
configuring a local transceiver 400 may periodically perform the optional query 

10 illustrated in step 428. In this regard, the transceiver may be configured to periodically 
check if the remote transmitter is enabled. In an alternative embodiment, the transceiver 
may perform the query of step 428 in response to a locally generated signal indicative of 
an adverse condition in the receive path. In another alternative, the query of step 428 may 
be initiated by a remotely generated signal from the remote transceiver indicating that it is 

15 about to terminate signal transmission. It should be appreciated that the aforementioned 
alternatives for initiating the query of step 428 may be implemented separately or in 
combination. 

When it is determined that the remote transmitter is not actively transmitting, the 
transceiver may be configured to repeat steps 416 through 422 to compensate for 

20 environmental changes along the transmission line 30. Otherwise, if the query of step 
428 indicates that the remote transmitter is active, the transceiver may be configured to 
remain in an operational mode as indicated by the flow control arrow associated with the 
affirmative branch from the query of step 428. It will be appreciated that any suitable 
process step for aborting and or ending the method for configuring a local transceiver 400 

25 may be inserted between steps 416 and 428. 

Reference is now directed to the flowchart illustrated in FIG. 8. In this regard, a 
method for recovering a remotely generated signal 500 from a transmission line in a 
duplex communication system is disclosed. The method for recovering a remotely 
generated signal 500 may begin with step 502, labeled, "Start." The method for 

30 recovering a remotely generated signal 500 may be configured to first reset the local 
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transceiver system as indicated in step 504. The transceiver reset may set the transceiver 
to a predetermined initialization or default state. As described above with regard to the 
method for configuring a local transceiver 400, the adaptive portion of the balance 
network comprising the adaptive hybrid 150 (FIG. 4) may be bypassed by opening a 

5 switch. It will be appreciated that the default state may be defined as an optimum 

configuration responsive to the particular xDSL application and/or previously determined 
characteristics of the transmission line 30 and the transformer 59. 

Next, as indicated in step 506, the method for recovering a remotely generated 
signal 500 may perform a check to determine if the remote transmitter is active. If a 

10 remotely generated signal is present as shown in the flowchart of FIG. 8, the recovering a 
remotely generated signal 500 is configured to disable the remote transmitter as shown in 
step 508. Once it is confirmed that the remote transmitter is disabled, processing may 
continue with step 510, where the local transceiver receives a signal designated for 
transmission to the remote transceiver. 

15 In accordance with a predetermined process, the method for recovering a remotely 

generated signal 500 may be configured to set the transmit signal power level as shown in 
step 512. It will be appreciated that other transmit signal characteristics may be 
selectively modified in accordance with the desired xDSL transmission signal standards. 
After configuring the transmit signal, the method for recovering a remotely generated 

20 signal 500 may be configured to apply the transmit signal to the transmission line 30 
(FIG. 4) via the fixed portion of a balance network hybrid as indicated in step 514. The 
application of the transmit signal to the transmission line 30 may be performed via the 
voltage dividers and the fixed portion of the modified balance network. 

Next, the method for recovering a remotely generated signal 500 may record 

25 various parameters of the local transmit signal echo present in the receive channel as 
indicated in step 516. If it is determined by the query in step 516 that an undesirable 
transmit signal echo is present in the receive path, the method for recovering a remotely 
generated signal 500 maybe configured to apply the adaptive portion of the balance 
network as shown in step 518. With both the fixed and the adaptive portions of the 

30 balance network coupled in the receive path of the improved front end 100 (FIG. 4), 
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various elements within the adaptive hybrid 150 may be adjusted and the resulting 
transmit signal echo in the receive path monitored to minimize the transmit signal echo 
present in the receive path as indicated in step 520. 

It should be appreciated that the minimization process of step 520 may entail a 
5 brute force algorithm, a steepest descent algorithm, or a recursive least squares (RLS) 
algorithm. Once a solution has been selected and applied to the adaptive hybrid 150, the 
method for recovering a remotely generated signal 500 may proceed to send a signal that 
may initiate the remote transceiver to enable the remote transmitter as indicated in step 
522. As previously described with regard to the improved front end of FIG. 4, the 
10 combination of the local and remote transmit signals may simultaneously exist on the 
transmission line 30. As indicated in step 524, a combination of the local transmit signal 
Q with the duplex signal via the modified hybrid can be used to recover the remote signal 

^ transmission. 

2 1 When the local transceiver is functioning in an operational mode, the method for 

J3 15 recovering a remotely generated signal 500 may periodically perform the optional query 

J* ; illustrated in step 526. In this regard, the transceiver may be configured to periodically 

s check if the remote transmitter is enabled. In an alternative embodiment, the transceiver 

m may perform the query of step 526 in response to a number of locally generated and 

remotely generated indicators as previously described. 
M 20 When it is determined that the remote transmitter is not actively transmitting, the 

transceiver may be configured to repeat steps 520 through 524 to compensate for 
environmental changes along the transmission line 30. Otherwise, if the query of step 
526 indicates that the remote transmitter is active, the transceiver may be configured to 
remain in an operational mode as indicated by the flow control arrow associated with the 
25 affirmative branch from the query of step 526. As with the method illustrated in FIG. 7, 
the method for recovering a remotely generated signal 500 may be aborted or terminated 
by any of a number of suitable steps inserted just prior to step 524. 

It is significant to note that the method for configuring a local transceiver 400 
presented in FIG. 7 and the method for recovering a remotely generated signal 500 
30 presented in FIG. 8 are by way of example only. In the examples presented, which are 
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intended to be non-limiting examples, each of the functions introduced and described in 
the flowcharts of FIGs. 7 and 8 may be implemented by the improved front end 100 in 
various embodiments. Furthermore, the methods contain a number of processing steps 
that may be implemented in firmware and executed by the CO-DSP 43 (FIG. 4). 

5 It should be appreciated that each of the processing steps in the method for 

configuring a local transceiver 400 and the method for recovering a remotely generated 
signal 500 illustrated in the flowcharts of FIGs. 7 and 8, respectively, may be 
implemented via an ordered list of executable instructions for implementing logical 
functions. This ordered list of executable instructions, can be embodied in any computer 

10 readable medium for use by, or in connection with, an instruction execution system, 
apparatus, or device such as a computer based system, processor containing system, or 
other systems that can fetch the instructions from the instruction execution system, 
apparatus, or device and execute the instructions. In the context of this document, a 
"computer readable medium" can be any means that can contain, store, communicate, 

15 propagate or transport the program for use by or in connection with the instruction 
execution system, apparatus or device. The computer readable medium can be, for 
example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared or 
semiconductor system, apparatus, device, or propagation medium. More specific 
examples (a non-exhaustive list) of the computer readable medium would include the 

20 following: an electrical connection (electronic) having one or more wires, a portable 
computer diskette (magnetic), a random access memory (RAM) (magnetic), a read only 
memory (ROM) (magnetic), an erasable program read only memory (EPROM or flash 
memory) (magnetic), an optical fiber (optical), and a portable compact disk read only 
memory (CDROM) (optical). Note that the computer readable medium could even be 

25 paper or another suitable medium upon which the program is printed, as the program can 
be electronically captured, via for instance, optical scanning of the paper or other 
medium, then compiled, interpreted or otherwise processed in a suitable manner, if 
necessary, and then stored in a computer memory. 

It should be emphasized that the above-described embodiments of the present 

30 invention, particularly, any "preferred" embodiments, are merely possible examples of 
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implementations, merely set forth for a clear understanding of the principles of the 
invention. Many variations and modifications may be made to the above-described 
embodiment(s) of the invention without departing substantially from the spirit and 
principles of the invention. All such modifications and variations are intended to be 
included herein within the scope of the present invention and protected by the following 
claims. 



30 



